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The surface of the earth is very rarely flat and so there are slopes nearly everywhere. The loads on slope are due to the self-weight of 
the soil and to external loads, which may come from foundation at the top and seismic loads. 
Geotechnical engineers have to pay particular attention to geology, ground water and shear strength of soils in assessing slop stability. 
Neural networks are very sophisticated modeling techniques, capable of modeling extremely complex functions. In particular, neural 
networks are non-linear.  
With respect to the above advantages, in this paper, artificial neural networks are developed to predict slope stability in a specified 





Slope in soils and rocks are ubiquitous in nature and in man-
made structures.  
 
Landslides and failed road cuts and fills can be a major source 
of sediment, they can close the road or require major repairs, 
and they can greatly increase road maintenance costs (Fig. 1). 
 
Slope failures or landslides, typically occur where a slope is 
over steep, where fill material is not compacted, or where cuts 
in natural soils encounter groundwater or zones of weak 
material. When failures do occur, the slide area should be 
stabilized by removing the slide material, flattening the slope, 
adding drainage, or using structures. 
   
 
Fig.1. Over-steep slopes, wet area, or existing slide areas can 
cause instability for a slope, damage the structures above it 
 
Artificial neural networks (ANN) simulate human brains to 
learn the relationships between certain inputs and outputs from 
experience. They are considered as information processing 
systems that have the abilities to learn, recall and generalize 
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from training data. It is natural that the human brain learns 
from experience. ANNs are sometimes called as machine 
learning algorithms. 
 
ANNs have been proved to be an universal estimator, hence 
they are promising techniques in solving pattern recognition 
and classification optimization and function approximation 
problems. Recently, ANNs are used to model complex 
manufacturing processes and to identify the optimal process 
setting. 
 
In this research ANN systems consisting of Multilayer 
Perceptron Networks are developed to predict slope stability 
in a specified location, based on the available site 
investigation data from (Noabad, Mazandaran, Iran) and the 
results are compared with older methods to check the ANN 





Landslides are frequently responsible for considerable losses 
of both money and lives, and the severity of the land slide 
problem worsen with increased urban development and 
change in land use. Given this understanding it is not 
surprising that landslides are rapidly becoming the focus of 
major scientific research, engineering study and practices. 
 
During the 1950s and 1960s the ever-increasing need of 
civilization caused to develop land on steep natural slopes and 
fills for public and private purposes (Fig. 2). Because slopes 
consist of native or transported earth materials, engineering 
properties and behaviors are quite variable. This variability 
and influence of surface water runoff and groundwater 
infiltration cause trigger landslide movements. Today, the 
analysis and solution of landslide problems as well as the 
prevention of landslide problems requires an understanding of 
geology, hydrology, seismology, geotechnical exploration and 
engineering, computerized analytical methods, practical and 
constructible solutions. (American society of engineers) 
 
The objectives of assessing slope stability are to balance 
material between the cuts and fills, to remain slope stable over 
time, to not be a source of sediment and to minimize the long-











Fig .3.  Balance  material between the cuts and fills, remain 
slope stable over time. 
 
Some Cause of  Slope Failure 
It is widely understood that slope stability depends on 
different parameters like shear stress of backfill material, 
water, earthquake, erosion and…. 
 
Water and wind continuously erode natural and man-made 
slopes. Erosion changes the geometry of slopes. Long periods 
of rainfall saturate, soften, and erode soils. Water enters into 
existing cracks and may weaken underlying soil layers, 
leading to failure. Slope failures after rainfall, or after changes 
in the groundwater conditions, are due to increase in the pore 
pressure which lead to reduction in effective stress and the 
strength. Earthquakes are a major trigger for instability of 
natural and man-made slopes. Earthquakes induce dynamic 
forces, especially dynamic shear forces that reduce the shear 
strength and stiffness of the soil. 





Choice of Strength Parameter 
 
The selection of soil material and the development of strength 
parameter preparation for the research program to characterize 
the slope stability conducted in this part. 
 
The choice between the undrained strength and drained 
strength is relatively simple and straightforward. For 
temporary slopes and cuts in fine-grained soils with low 
permeability the undrained strength is selected and total 
stresses analysis is carried out. 
 
For permanent slope the critical conditions are at the end of 
swelling when pore pressures have reached equilibrium with 
hydrostatic conditions. In this case effective stress is used. 
 
 
Method of Slices (Bishop) 
 
Among the most popular methods are procedures proposed by 
Fellenius, Bishop, Janbu and Spencer, some of these methods 
satisfy only overall moment, like the ordinary and simplified 
bishop methods. Bishop (1955) assumed a circular slip surface 
as shown in (Fig.4). In bishop’s method the factor of safety is 
determined by trial and errors. The inter-slice shear forces are 
neglected and only the normal forces are used to define the 
inter-slice [2].    
 
      
 
 




ARTIFICIAL NEURAL NETWORK 
 
A neural network is a mathematical model formed by 
elementary processing units, called neurons. Neurons are 
highly interconnected computational units. ANNs are 
considered as information processing systems that have the 
abilities to learn, recall and generalize from training  





Fig. 5.  Schematic of a neuron. 
 
A neural network, in general, has three layers namely, the 
input, output and the hidden layers. The neurons in the input 
layer receive input from the external environment. This layer 
does not perform any computations. Hidden layer, which 
receives inputs from the input layer, performs computation 
and provides the outputs to output layer. Output layer consists 
of neurons that communicate the output of system to the user 
or external environment the structure of a three-layer neural 
network is shown in (Fig. 6). 
 
 





MLP is feed-forward neural network trained with the standard 
back-propagation algorithm. It is supervised network so they 
require a desired response to be trained. It learns how to 
transform input data in to a desired response, so they widely 
used for pattern classification. The MLP is trained with error 
correction learning [3]. 
 
Back-propagation computes the sensitivity of a cost functional 
with respect to each weight in the network, and updates each 









Back propagation is the best known training algorithm for 
neural networks, and still one of the most useful.  Devised 
independently by Rumelhart et. al. (1986), Werbos (1974) and 
Parker (1985), it is thoroughly described in most neural 
network text books (e.g., Patterson, 1996; Fausett, 1994; 
Haykin, 1994).  It has lower memory requirements than most 
algorithms, and usually reaches an acceptable error level quite 
quickly, although it can then be very slow to converge 
properly on an error minimum.  It can be used on most types 
of network, although it is most appropriate for training 
multilayer perceptrons. By these advantages we used back 





Noabad has been located in north of Iran, Mazandaran 
province (Fig .7). The annual mean temperature of the terrain 
is     12.5 ‘c and the annual mean precipitation is estimate 800 
(mm). The area climate from dommartan method is humid. 
From geological point of view, the most of geologic units are 
related to senozoaek era that for reason of the existence of 
marl, shiel silty stone are susceptible to landslide  







Fig. 7. Map of Mazandaran                      
 
 
             
 
 





Sampling zone is located in (Noabad, Mazandaran, Iran). 1000 
samplings is performed in study area. Data is collected using 
geotechnical investigation, ground water table and earthquake 
parameter as sampling parameters. Each sample is carefully  
checked.  
 
Beside the use of ANNs for slope stability we will discuss a 
neural network approach for this problem. To ensure the 
accurate prediction of an ANN model we need to build a 
reliable database or training/test sets. In this section we 
describe the establishment of the database which was 




Selection of Input and Output Parameters 
 
As stated before, regarding the available data and their quality 
a decision was made to use the soil layers and the soil 
parameters.  
 
As pointed out in previous, the most important factors, which 
significantly affect the slope stabilization induced the total 
stress, effective stress, angel of slope, C, φ, horizontal 




Ground Investigation.  
 
The database generated by the Bishop’s model as described in 
previous section is used to establish the ANN model. 
 
Before any further examination of an existing slope, essential 
borehole information was obtained. This information gave 
details of the strata, moisture content and the standing water 
level. Also, the presence of any particular plastic layer along 
which shear could more easily take place, was noted. 




Piezometer tubes were installed into the ground to measure 
changes in water level over a period of time. 
 
Ground investigations also include: in-situ and laboratory 
tests, area photographs (Fig. 8), study of geological maps and 
memoirs to indicate probable soil conditions, visiting and 
observing the slope, previous instability which happened  










REASONS OF INSTABILITY 
 
When preparing a landslide report for a particular site, of 
primary impotence is the recognition of the conditions which 
caused the slope to become unstable and the processes which 
triggered that movement. Only an accurate diagnosis makes it 
possible to properly understand the landslide mechanisms and 
thence to propose effective remedial measures. 
 
More recently, significant relationships have been found 
between the raining water and instability because during 
construction of first aviculture and damages there wasn’t any 
seismic loading and no earthquake were occurred but the 
precipitation increases in spring and autumn. There is high 
value of rainfall 8 months per year. In winter there is rain and 
snowfall because of low temperature and runoff from 
snowmelt is obvious in summer. Long period of rainfall 
saturate, soften, and erode soils. Water enters into existing 
cracks and may weaken underlying soil layers, leading to 
failure(Fig 10). 
 
Earthquakes induce dynamic forces, especially dynamic shear 
forces that reduce the shear strength and stiffness of the soil. 
The project should be guarantee against seismic loads so 











 In this current study, we had approximately 1000 outputs of 
slope stability from case simulation. Among these data we 
used 80% for the training and remaining for validating the 
prediction capability using the best run of each case. 
 
In training phase stability of 5 section (A,B,C,D,E) is 
used.(Fig. 11).  
 
Table 1. Section & Case NO. 
 
Section A B C D E 
Case NO. 1,2 3,4 5,6 7,8 9,10 
 
 
Case NO 1, 3, 5, 7, 9 are unstable sample point (Fig. 12) in 
section A, B, C, D, E and Case NO 2, 4, 6, 8, 10 are stable 
sample point in section A, B, C, D, E. 
 
The dataset covers a wide spectrum of soil and seismic 
parameters. In validation phase model accuracy and efficiency 
were examined by making prediction against case records, 




























Fig. 12. X coordinate and Stable & Unstable sample description 
 
 















Fig. 13. Structure of ANN used in this research for predicting slope stability. 
 
 






The ANN models were used to predict the slope stability for 5 
sections in study area. The predictions of the ANN models are 
reasonable from engineering point of view. It is evident from 
the result table which shows the prediction and true value in 
different section in study area.  
 
 
In validation phase, model accuracy and efficiency were 
examined by making prediction against case records, which 
were not used during model training and testing. In this phase, 
the proposed algorithm does not require human development 
of the proposed model; it rather confirms the architecture 
prediction capability of the model. 30 cases were selected and 
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1 10 0 100% 20 25 0.15 0.1 30% Unstable Unstable 
2 30 0 100% 20 25 0.15 0.1 30% Unstable Unstable 
3 60 0 100% 20 25 0.15 0.1 30% stable Stable 
4 90 0 100% 20 25 0.15 0.1 30% stable Stable 
5 60 15 100% 20 25 0.15 0.1 30% Unstable Unstable 
6 80 15 100% 20 25 0.15 0.1 30% Unstable Unstable 
7 110 15 100% 20 25 0.15 0.1 30% Stable Stable 
8 140 15 100% 20 25 0.15 0.1 30% stable Stable 
9 210 30 100% 20 25 0.15 0.1 30% stable Stable 
10 230 30 100% 20 25 0.15 0.1 30% stable Stable 
11 260 30 100% 20 25 0.15 0.1 30 % stable Stable 
12 290 30 100% 20 25 0.15 0.1 30 % stable Stable 
13 10 0 100% 15 22 0.15 0.1 20 % Unstable Unstable 
14 30 0 100% 15 22 0.15 0.1 20 % Unstable Unstable 
15 60 0 100% 15 22 0.15 0.1 20 % Unstable Unstable 
16 90 0 100% 15 22 0.15 0.1 20 % stable stable 
17 60 10 100% 15 22 0.15 0.1 20 % Unstable Unstable 
18 80 10 100% 15 22 0.15 0.1 20 % Unstable Unstable 
19 110 10 100% 15 22 0.15 0.1 20 % Unstable Unstable 
20 140 10 100% 15 22 0.15 0.1 20 % stable stable 
21 210 20 100% 15 22 0.15 0.1 20% stable stable 
22 230 20 100% 15 22 0.15 0.1 20% stable stable 
23 260 20 100% 15 22 0.15 0.1 20% stable stable 
24 290 20 100% 15 22 0.15 0.1 20% stable stable 
25 10 0 100% 37 20 0.15 0.1 10% stable stable 
26 30 0 100% 37 20 0.15 0.1 10% stable stable 
27 60 0 100% 37 20 0.15 0.1 10% stable stable 
28 90 0 100% 37 20 0.15 0.1 10% stable stable 
29 60 5 100% 37 20 0.15 0.1 10% stable stable 
30 80 5 100% 37 20 0.15 0.1 10% stable stable 
31 110 5 100% 37 20 0.15 0.1 10% stable stable 
32 140 5 100% 37 20 0.15 0.1 10% stable stable 
33 210 10 100% 37 20 0.15 0.1 10% stable stable 
34 230 10 100% 37 20 0.15 0.1 10% stable stable 
35 260 10 100% 37 20 0.15 0.1 10% stable stable 




The results are shown in Table 2. It can be observed that the 
Neural Network results are considerably close to real data. 
Table 2 represents the predict of slope stability and true value 
calculated by Bishop’s method. 
 
As seen in Fig. 15 overall, the prediction of slope stability 
agrees with bishop’s model. It is shown that the correlation of 
the ANN model and bishop’s model in all case is over 92% 
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Fig 15. Correlation & Case NO. 
 
 
Another net work designed for prediction of FOS. Fig. 16 
represents the predicted of FOS from an ANN model versus 
true value calculated from data base. 
 
Fig. 16. Prediction of FOS versus true value. 
 
Landslide is a complex area of research requiring detailed 
rheology and material parameters that is rarely if ever 
available. In this case introducing new method for predicting 
slope stability is the main aim of this paper. It can be 
concluded that further work is needed to modify the procedure 
for better adapting artificial neural network with concept of 
slope stability. 
 
For the application machine learning approaches, it is 
important to properly select the input variables, as ANNs are 
supposed to learn the relationship between input and output 
variables on the basis of input-output pairs provided during 
training. 
Case 6 7 8 9 10 
From slice NO. 501 601 701 801 901 
To slice NO. 600 700 800 900 1000  
In the proposed neural network model for predicting slope 
stability, several important parameters, including total stress, 
effective stress, angel of slope, C, φ, horizontal coefficient of 
earthquake and vertical coefficient of earthquake were used as 
the input parameters, whilst the slope stability was the output 
parameter. Experimental results demonstrate that the neural 
network model is successful technique in predicting the slope 
stability. 
Case 1 2 3 4 5 
From slice NO. 1 101 201 301 401 
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